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RESEARCHMEMORANDUM

FLUTTERINVESTIGATIONOF TWOTHIN,LOW&WECT-RATIO,

SWEPT,.SOLID,METALWINGSIN THETRANSONIC

RANGEBY USEOFA FREE-F~ING BODY

By W. T. Lauten,Jr. sndMauriceA. Sylvester

EnmMAIw

.

.

w

.

Twothin,solid,metalwingsweretestedforflutterby meansof
thefree-fallingbodytechniqueto a Machnumberof 1.23. Thewings
wereuntapered,swept45°, andhad a semispanaspectratioof 1.2 .

LThistestwasperformedto explorethe.possibility of a bendingt e
of flutterwhichwas indicatedby a simplifiedflutteranalysisbased
on two-dimensional,unsteady,compressible-flowtheory.Althoughthe
calculationsindicatedthepossibilityof flutter,nonewas obtained.

FortheMachnumberrangeunderconsiderationthe calculatedflutter-
speedcoefficientsshowed“amarkeddecreasein valuewithincreasein
MachnumberandaroundMachnumber1.0wereso consenativethatthey
maybe consideredpessimistic.It appearsthatthesimplifiedsnalysis
is tooconservativeforthetypeof wingconfigurationtestedandthat
aless approximateanal~is,possiblyincludingfinite-spaneffects,is
neededto reducethemarginbetweentheoryandexperiment.

INTRODUCTION

Recenttrendsin thedesignof interceptortypeof aircrafthave
ledto studiesof thefluttercharacteristicsof thin,low-aspect-ratio,
swept,wingsat.hi@.,altitudes.Becauseof the lackof theoryforfinite
spanand.for.thetransonicrange,calculationsforthesestudieshave
beenbased”ontwo-dime”nsionalcompressible-flowconsiderations.This
simplifiedanalysisindicatesthatsuchwingswilldevelopa bending
typeof flutterin thetransonic”speedrange,particularlyat high
altitudes.As a preliminaryexperimentalinvestigationof thistype
of flutter,twountapered”ls”sweptbackwingsof lowaspectratiohave
beentestedby thefree-falltechnique.In orderto providedatafor
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a rangeof mass-densityratios,oneof thewingswasmadeof magnesium
witha sectionthicknessratioof 4 percentandtheotherwasmadeof

.
*

steelwitha sectionthicknessratioof 3 percent. ,—..———

Thepresentpapergivestheresultsobtainedfromthisexperiment
anda comparisonof the experimentalresultswitha seriesof calcu-
lationsbasedon two-dimensional,unsteady,compressible-flowtheory.
ThenormalflowMachnumbersforwhichcalculationswere maderanged .—

fromO to.1.O.
-.-.

A

a

a+%

b

f

g

h

Ia

K

‘std

SYMBOLS .—

aspectratio(includingbodyintercept)

nondimensionalwing-elastic-sxispositionmeasuredfrom

midchord,positiverearward
(2 -‘)

nondimensionalwingcenterof gravitymeasuredfrommidchord,

()

2X1
positiverearward 1

*
E-

semichordof testwingtakenperpe@icularto the leading
.

edge,feet ~,. ..

frequency,cyclespersecond .—— —

structuraldampingcoefficient

altitude(distanceabovesealevel),feet

sectionpolarmassmomentof in’ertiaaboutelasticaxis,

foot-pound-second2 —

feet

ratioof massof cylinderof testingmediumwithdiameter
equalto chordof wingto massofwing,bothtakenfor

()
mpb2equallengthof span —
m

K at standardairdensity(p = 0.002378)

.

-- *-..L: -

.—-.-—— --- _ ~
. .
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A

M

m

c1.)

Ps

q

P

2ra

T

t

X.
.

lengthof wingmeasuredalongleadingedge,feet

angleof sweepback,degrees

Machnumber

massofwingperunitlength,slugsper foot

circularfrequency,radiansper second(2nf)

staticpressure,poundsper squarefoot

dynamicpressure,poundsper squarefoot

airdensity,slugsper cubicfoot

squareof nondimensionalradiusof #ration (Ia/mb2)

free-airtemperature,

timeafterrelease of

streamvelocity,feet

degreesFahrenheitabsolute

bombfromairplane,seconds

per second

distanceof elasticaxisof wingsectionbehindleadingedge
measuredperpendicularto leadingedge,percentchord

distanceof centerof gravityof wingsectionbehindleading
edgemeasuredperpendicularto leadingedge,percentchord

Subscripts:

e experimentalvaluesobtained

c calculatedvaluesof flutter
basedon two-dimensionalunsteadycompressible-flowtheory

at anytime

speedandflutterfrequency

hl uncoupledfirstbendl.ng

h2 uncoupledsecondbending

al uncoupledfirsttorsion

.

.
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APPARATUSANDMETHODS .
●

Model ...

A photographanda schematicdrawingof thefluttervehiclewhich
wasutilizedto carryth~twotestwings.sre-~hownin~gures 1 and2.

............— .+..

Onewingwasmadeof magnesiumwithan NAC!A16-(x)4sectionandtheother
wingwasmade
pendicularto
planformand
tableI.

of steelwithan NACA16-003section(bothsectionsper-
the leadingedge). Bothwingshadthesameuntapered
weresweptback45°. The”wingparameters.are listedin ““

Instrumentation

Eachof thetwowingswas equippedwithbendingandtorsional
straingagesmountedneartheroot,andwitha breakwireto indicate “
wingfailure.Thevehiclealso.carrieda,lgngZtud@al~accelerometerfor
determinationof velocity.Signalsfromthestrairigaggsj“accelarorneterj‘-
andbreakwiresweretransmittedoversixtelemeterchannelsandwere
recordedsimultaneouslyat twoindependentreceivingstations.Timeof
release,altitude,andspeedof theairplanewererecordedor determined
by themethodreportedin reference1.

MeasurementsandDataReduction

Naturalfrequencies,elasticaxes,andmassandinertialcharac-
teristicsof thewingsweredeterminedby groundtests.-Free-airtemper-
atureandstaticpressureweremeasuredas a function~f altitudeby ‘-
simultaneousreadingsof thethermometer,pressure-altimeter,andradar
altimeterduringthedescentof theairplsnewhichcarriedtheflutter
vehicle.

With.theinitialairplanegroundspeed@own fromradardataand
withthetimeafterreleaseas theprimaryvariable,thetelemetered– ‘
longitudinalaccelerationcurvewas integratedto give~themissile
velocity.Integrationof theverticalcomponentof’themodelvelocity
gavethealtitude.OncethepathhadBeen determined.,the free-air
temperatureandstaticpressurewerereadfrom,the@r dataobtained
duringthedescentof theairplanein orderto obtainthetimehistory” ‘-
of thefall. Machnumberwas obtainedfromthevelocityandtemperature.
Atmosphericandflightconditionsareplottedagainsttimein figure3.
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RESULTSANDDISCUSSION -

Thetimehistoryof the fallof the fluttervehiclefroman alti-
tudeof 36,000feetis shownin figure3. In the figurethevariatibn
of themodelaltitude,velocity,andMachnumberwithtimeare.plotted
togetherwiththefree-airstaticpressureandtemperaturecorrespmding
to thealtitudeof themodel. Itwillbe notedthattelemeterfailwe
occurred43.6secondsafterthemodelwas releasedfromtheplane. At
thistimethealtitudewas6830feetandtheMachnumberwas 1.23. The
speedandotherassociateddataarelistedin tableII forthetimeof
telemeterfailuresincenothing’isknownconcerningwingbehaviorafter
thattime.

Althoughno flutterwas encounteredin thetest,thefollowing
oscillationswerenoted. Thetelemeterrecordindicatedthatthemag-
nesiumwingoscillatedintermittentlyat a frequencynearthatof its
firstbendingfrequencyat a maximumtipamplitudeof aboutfi/8inch.
Thisoscillationwasnot restrictedto anyparticularspeedrangebut
ratheroccurredduringtheentireflight. In additionto thislow-
amplitudeintermittentoscillation,therewas evidenta low-frequencY
oscillationthatcommencedwitha tipamplitudeof approximately
*1/8inchat a frequencyof about0.75cycleper secondjustafter
releasefromtheplsne. Thefrequencyof thisoscillationslowly
increasedto 2.8 cyclesper secondandthetipsmplitudeincreasedto
aboutfi/4inchshortlybeforetelemeterfailure.Immediatelypriorto
telemeterfailurethislow-frequencyoscillation(2.8 cps)dampedto an
amplitudeof about@8 inch. The steelwingoscillated in a Simil= .
mannerbutwithsmallertlpamplitudes.

Calculationshavebeenmadein orderto permita comparisonof
experimentalresultsandsimplifiedfluttertheory. Thesecalculations
arebasedon two-dimensionalunsteadycompressible-flowtheoryand
utilizea methodof flutteranalysiswhichincludeseffects,ofsweepand
modeshapebut notof finitespan(reference2). Theaerodynamiccoef-
ficientswhichwereusedforthecalculationswereselectedto correspond
to thenormalflowMachnumbersof O, 0.5,0.7,and1.0(reference3).
Theresultsof thesecalculationsin the formof thenondimensional

b
flutter-speedcoefficientVc ~ andthe experimentalresultsinthe

formof thenondimensionalflight-speedcoefficient P
Ve %1 are

plottedas a functionof free-streamMachnumberin figure4. Thetheo-
reticalunstableregionis abovethe calculatedfluttercurveandthe
experimentalresultsareindicatedby theflighthistoryof thewings.

n
All calculationsforfigure4 weremadefortheairdensitycorre-

spondingto thealtitudeof.themodelat thetimeof telemeterfailure.
s
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Thecalculatedfluttercurves,then,givetheeffectof”Machnumberon
thecalculatedflutter-speedcoefficients.Forthin,heavy,sweptwings
of thistypeoneeffectof increasingMachnumber,for.theMachnunber

*

rangeinvestigated,is to decreasethe ratio of thepre-dietedflutter
—

frequencyto thenaturaltorsionalfrequencyUc/Ua,. The decreaseof

thisfrequencyratiois sufficientto indicate~ si~gle-degree-of-
freedombendingtypeof flutterat transonicMachnumbers;thatis, the
flutterfrequency% approachesthenaturalbendingfrequency~l.
ForincreasingMachnumberthecalculationsalsoindicatea decreasein
thecorrespondingvalueof thecalculatedflutter-speedcoefficient.A
comparisonof thecalculatedfluttercurvesforthesteelandmagnesium ,.
wingsshowsthatthisdecreaseismorepronouncedforthehighervalue
of l/R of thesteelwing. Fora givenwingconfigurationincreasing
valuesof l/K wouldbe associatedwithincreasingaltitude.

..

Theonlyvalueof theabscissain figure.kat whichthe experimental
l/K andthe l/K usedin thecalculationsarethessmeis at theMach
numberof 1.23. Consequently,it is onlyat this.Machnumberthata
strictcomparisonmaybe madeof theexperimentalandcalculatedresults.
At thispointtheexperimentalflighthistoryof bothwingsextendswell
intothetheoreticalunstableregionabovethecalculatedfluttercurve.

—

Sinceflutterwas notobtained,thesimplifiedcalculationsbasedon
two-dimensionalcompressible-flowtheorymaybe consideredpessimistic.

.—

Theseresultsindicatethata lessapproximateanalysis,including
finite-spaneffect,is neededto reducethemarginbetweentheoryand ●

experimentforthistypeof low-aspect--ratiowingin thetransonicspeed
range.

CONCLUDINGREMARKS

TWOthin,interceptor-type(low-aspect-ratio),45°sweptback,
untaperedwingsof solidmetalconstructionhavebeentestedforflutter
up to a Machnumberof 1.23by thefree-falling-bodytechnique.No
flutterwas obtainedin thistestalthougha bendingtypeof flutter

—

waspredictedby an analysisbasedon two-dimensional,unsteady,
compressible-flowtheory.Thissimplifiedanalysishas%eenusedwith
considerablesuccess formanywingconfigurationsbut is overlyconserva- —

tfveforthesethin,heavy,sweptwingsof lowaspectratio. The
resultsindicatedthata moreexactanalysis,includingfinite-span
effects,is neededto reducethemarginbetweenexperimentandtheory.

9

LsngleyAeronauticalLaboratory
NationalAdvisoryConunitteeforAeronautics —

@ngley Field,Va. s
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TABLEI.- WINGPARAMETERS

Section . . . . . . .
A, deg.....”..
-b,ft . . . . . . . .
2, ft . . . . . . . .
A . . . . . . . . . .
l/K~td””**....
X1,percentchord . .

~, percentchord . .
a . . . . . . . . . .
a+%. . . . . . . .
ru2 . . . . . . . . .

all”””””””””
fhl,CpS . c . . . ● ●

fh2~ Cps. . . . . . .
fal 2 Cps. . . . . . .

NACARM

Steelwing lMagnesiuywing

NACA16-003
45

?2.5
2.5
3.13
178.8

48.4
65.6

0.312
-0.032
0.3202
0+003

12

59
74.7

NACA16-004
45
0.5
2.5
3.13
pl.~

48.4
67.4

0.348
-0.032
0.3869
0.003
16.5

74
96.4

=wv—.
TABLEII.-EXPERIMENTALRESULTSM TIME

OF TELEMETERFAILURE

M. . . . . . . .
V,fps. . . . . .
p, slugs/cuft . .
q, lb/sqft . . .
l/K . . . . . . .
t,sec . . . . . .
h,ft . . . . . .
T, OF abs
PSY lb/sq N : : :

Steelwing

1.23
1314

0.001972
1702
215.8
43.6
6830
479.4
1618

Magnesiumwing

1.23
1314

0.001972
1702
62.4
43.6
6830
479.4
1618

.
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Tigurel.-Photo~aphofthefluttervehicle.
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Figure ‘2.- Dtiensional drawing of the flutter vemcle.
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